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TECHNICAL FIELD OF THE INVENTION

[0001] This invention relates to circuitry, and more particularly, to a high-precision

buffer circuit.

BACKGROUND

[0002] In many electrical and electronic devices, buffer circuits are used to buffer

and amplify data signals. Buffer circuits ideally should provide an output signal that is

precisely follows the input.

SUMMARY

[0003] According to an embodiment of the present invention, a buffer circuit

includes an input terminal operable to receive an input signal and an output terminal at

which an output signal for the buffer circuit is provided. A first transistor, having a

gate, a source, and a drain, is connected at its source to the input terminal. A second

transistor has a gate, a source, and a drain. The gate of the second transistor is

connected to its drain and to the gate of the first transistor. A third transistor, having a

gate, a source, and a drain, is connected at its gate to the drain of the first transistor.

The source of the third transistor is connected to the output terminal and to the source of

the second transistor. Means are provided for balancing the first transistor and the

second transistor when a change occurs in the input signal appearing at the input

terminal.
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[0004] According to another embodiment of the present invention, a buffer circuit

includes an input terminal operable to receive an input signal and an output terminal at

which an output signal for the buffer circuit is provided. In the buffer circuit, three

transistors at most provide signal currents. Two of the three transistors can be matched.

Means are provided for feeding back the output signal so that the two matched

transistors are balanced in response to a change in the input signal appearing at the input

terminal.

[0005] Important technical advantages of the present invention are readily apparent

to one skilled in the art from the following figures, descriptions, and claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] For a more complete understanding of the present invention and for further

features and advantages, reference is now made to the following description taken in

conjunction with the accompanying drawings, in which:

[0007] FIG. 1 is a schematic diagram of one implementation for a high-precision

buffer circuit, according to an embodiment of the present invention.

[0008] FIG. 2 is a schematic diagram of another implementation for a high-

precision buffer circuit, according to an embodiment of the present invention.

[0009] FIG. 3 is a schematic diagram of yet another implementation for a high-

precision buffer circuit, according to an embodiment of the present invention.

[0010] FIG. 4 is a schematic diagram of still yet another implementation for a high-

precision buffer circuit, according to an embodiment of the present invention.

DETAILED DESCRIPTION

[0011] The embodiments of the present invention and their advantages are best

understood by referring to FIGS. 1 through 3 of the drawings. Like numerals are used

for like and corresponding parts of the various drawings.

[0012] FIG. 1 is a schematic diagram of one implementation for a high-precision

buffer circuit 10, according to an embodiment of the present invention. High-precision

buffer circuit 10 generally functions to receive an input and to drive an output in
-2-
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response. Buffer circuit 10 allows for high input impedance and provides for low

output impedance. As depicted, buffer circuit 10 comprises transistors 12, 14, 16, 18,

20, 22, and 24, and capacitor 26. A resistor 28 can be an external component connected

at the output of the buffer circuit 10. Transistors 12, 14, 16, 18, 20, 22, and 24 can be

implemented with any suitable transistor devices, such as metal-oxide-semiconductor

field effect transistors (MOSFETs, which can be NMOS or PMOS) or bipolar junction

transistors (BJTs).

[0013] Transistors 12, 14 are a first transistor pair and can be, for example, PMOS

transistors. Transistors 12 and 14 are connected to a voltage source Vcc at their sources

and may receive a first bias signal Vbiasl at their gates. The first bias signal Vbiasl

can have a value below voltage source Vcc, for example, 0.5 - 1.5 V less than Vcc. In

one embodiment, transistors 12 and 14 can be matched so that any change in the drain-

source voltage of transistor 12 is offset by a change in the drain-source voltage of

transistor 14. During operation, transistors 12 and 14 may provide relatively constant

current and, as such, can be considered or alternatively implemented as current sources.

[0014] Transistors 16, 18 can be a second transistor pair and may be implemented

using NMOS transistors. The second transistor pair comprising transistors 16, 18 are

connected to the first transistor pair 12, 14. In particular, in one embodiment, the drains

of transistors 16 and 18 are connected to the drains of transistors 12 and 14,

respectively. Transistors 16 and 18 may form a current mirror. That is, the gates of

transistors 16 and 18 are connected together. The drain of transistor 18 is connected to

its gate and the drain of transistor 14. Transistor 14 provides bias current to transistor

18. When operating, precision buffer circuit 10 is designed to balance transistors 16

and 18. As described herein, this can be accomplished with feedback from an output

terminal of the buffer circuit 10.

[0015] Transistors 20, 22 can be a third transistor pair and may be implemented

using NMOS transistors. The third transistor pair comprising transistors 20, 22 are

connected to the second transistor pair 16, 18. In particular, in one embodiment, the

drains of transistors 20 and 22 are connected to the sources of transistors 12 and 14,

respectively. Transistors 20 and 22 are connected to ground GND at their sources and

may receive a second bias signal Vbias2 at their gates. The second bias signal Vbias2

can have a value higher than ground GND, for example, 0.5 - 1.5 V more than ground
-3-
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GND. In one embodiment, transistors 20 and 22 can be matched so that any change in

the drain-source voltage of transistor 20 is offset by a change in the drain-source voltage

of transistor 22. During operation, transistors 20 and 22 may provide relatively constant

current and, as such, can be considered or alternatively implemented as current sources.

In some embodiments, transistor 22 is designed to provide current with a value that is a

multiple (e.g., 2X) of the current provided by transistor 20.

[0016] An input terminal for the high-precision buffer circuit 10 can be a node

between transistors 16 and 20. The input terminal may receive an input signal Vin. The

input signal Vin may change the source voltage Vs of transistor 16. The output terminal

for the circuit 10 can be at the source of transistor 24 (which is also a node between

transistors 18 and 22). An output signal Vout may be provided at the output terminal.

The output signal Vout can be fed back to the input for system 10. This can be

accomplished via transistors 18 and 16, which are balanced in the process. In this

embodiment, due to the connection of the output terminal to the source of transistor 18,

the output signal Vout may change the source voltage of transistor 18.

[0017] Transistor 24, which may be implemented as an NMOS transistor, is

connected to voltage source VCC at its drain and to the drain of transistor 16 at its gate.

The node at the gate of transistor 24 may be considered the high-impedance node for

precision buffer circuit 10 and is the node with the highest gain in the circuit. The

source of transistor 24 is connected to the output terminal. Transistor 24 can function to

source current to the output terminal, thus providing pull-up capability. Capacitor 26 is

connected to a fixed node (such as, for example, Vcc (shown) or Ground) and the gate

of transistor 24. Capacitor 26 can function as a compensation capacitor to prevent or

minimize oscillation at the gate of transistor 24. Capacitor 26 may have a value of 50f,

in one embodiment.

[0018] In operation, assuming an initial steady state for precision buffer circuit 10,

an increase or rise in the input signal Vin at the input terminal (within a given

operational range of slew rate (AV/At)) causes the gate-source voltage Vgs of transistor

16 to decrease. The slew rate AV/At may have a value equal to the quiescent current

flowing in transistor 16 divided by the value of capacitor 26. Accordingly, less current

flows through transistor 16. This causes the voltage at the gate of transistor 24 to

increase, and thus, more current flows through transistor 24. This pulls up the voltage
-4-
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at the output terminal. Thus, the output signal Vout increases in response to an increase

in the input signal Vin. Transistor 14 sources current to transistor 18, and thus transistor

1 8 may have a relatively fixed gate-source voltage Vgs. The increased voltage at the

output terminal causes the source voltage Vs of transistor 18 to increase, thereby

causing the gate voltages Vg of transistors 18 and 16 to increase. This causes the gate-

source Vgs voltage of transistor 16 to increase. Thus, transistors 16 and 18 are brought

into balance again for steady state.

[0001] Alternatively, again assuming an initial steady state for precision buffer

circuit 10, a decrease or drop in the input signal Vin at the input terminal (within a given

operational range of AV/At) causes the gate-source voltage Vgs of transistor 16 to

increase. Accordingly, more current flows through transistor 16. This causes the

voltage at the gate of transistor 24 to decrease, and thus, less current flows through

transistor 24. This causes the voltage at the output terminal to decrease. Transistor 14

sources current to transistor 18, and thus transistor 18 may have a relatively fixed gate-

source voltage Vgs. The decreased voltage at the output terminal causes the source

voltage Vs of transistor 18 to decrease, thereby causing the gate voltages Vg of

transistors 18 and 16 to decrease. This causes the gate-source voltage Vgs of transistor

16 to decrease. Thus, transistors 16 and 18 are brought into balance again for steady

state.

[0001] In precision buffer circuit 10, in some embodiments, only transistors 16, 18,

and 24 are conducting signal currents. The remaining transistors—i.e., transistors 12,

14, 18, 20, and 22—are conducting only bias currents, thus operating to provide

relatively constant current. As such, precision buffer circuit 10 may provide faster

operation within a given operational range of AV/At for the input signal Vin compared

to previously designed buffer circuits which have more transistors or components

providing signal currents.

[0021] In addition, the precision buffer circuit 10 may be advantageous over

previously developed designs because it eliminates or substantially reduces the open

loop gain limiting effects of transistor source-drain resistance Rout by matching. In

particular, a transistor may have a source-drain resistance Rout that is a function of the

drain-source voltage Vds of the transistor. With previously developed designs, such

source-drain resistance Rout caused error by limiting the gain at a high impedance node.
-5-
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In the precision buffer circuit 10, however, the respective drain-source voltages Vds of

transistors 16 and 18 are approximately fixed. The respective drain-source voltages

Vds of transistors 12, 14, 20, and 22 change as the input signal changes, but their effects

cancel due to the matching of transistors 12 and 14 and the matching of transistors 20

and 22—i.e., the effects in transistor 14 cancels those in transistor 12, and the effects in

transistor 20 cancels those in transistor 22. As such, the precision buffer circuit 10

eliminates or substantially reduces error caused by first order terms of source-drain

resistance, and is limited only by second order terms.

[0022] The precision buffer circuit 10 is able to receive input voltage signals lower

than those which could be handled by previously developed designs.

[0023] The following table shows typical performance of the precision buffer circuit

1 0 compared to that of a buffer circuit according to a previously developed design (with

both buffer circuits compensated to produce the same 9.5% overshoot).

Circuit Open
Loop
Gain

Phase

Margin
Linearity

Error

No load

Linearity

Error

lk n load

Rise

Time
-3 dB BW Peaking

Previously

developed

buffer

30 dB 49.9° 800 fiV 1500 /xV 392 ps 833 MHz 0.5 dB

High
precision

buffer

58 dB 48.4° 30 fiV 231 iiV 325 ps 1014 MHz 0.5 dB

[0024] The high precision buffer circuit 10 provides various advantages compared

to previously developed designs. The high precision buffer circuit 10 has higher

bandwidth. This is accomplished in some embodiments with circuitry that consumes

the same amount of current and uses the same number and size of transistors as

previously designs. Furthermore, the precision buffer circuit 10 of FIG 1 has a higher

open loop gain. This allows for better linearity—i.e., distortion is significantly reduced

or eliminated relative to previously developed designs, as shown in the following table.

For this table, all measurements were made at an output amplitude of 2Vpp, lk ohm
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load, 2Vdc center. For this example, the output devices in both the high precision

buffer circuit 10 and the buffer circuit according to previously developed design were

increased by a multiple of 15 as a ready optimization of distortion. Bias currents were

unchanged.

Circuit Second
Harmonic
Distortion for

less than 1MHz

Third Harmonic
Distortion for

less than 1MHz

Second

Harmonic
Distortion,

10MHz

Third Harmonic
Distortion,

10MHz

Previously

developed

buffer

-51.7 dBc -64.6 dBc -48.8 dBc -57.3 dBc

High precision

buffer

-80.1 dBc -78.6 dBc -56.2 dBc -67.7 dBc

[0025] Thus, the high precision buffer circuit 10 provides for a significant reduction

at a given bias level, thus making it useful for applications such as portable consumer

devices containing audio and video amplifiers in which both power and distortion

(linearity) parameters are important to design.

[0026] FIG. 2 is a schematic diagram of another implementation for a high-

precision buffer circuit 10, according to an embodiment of the present invention. This

implementation includes transistors 30, 32, 34, 36, and 38 which can be implemented

with any suitable transistor devices, such as MOSFETs (NMOS or PMOS) or BJTs. As

depicted, transistors 30, 34, and 38 can be implemented as PMOS transistors, and

transistors 32 and 36 can be implemented as NMOS transistors.

[0027] In many respects, the implementation depicted in FIG. 2 operates in the

same way as the implementation depicted and described with reference to FIG. 1.

When operating, precision buffer circuit 10 is designed to balance transistors 16 and 18,

and most transistors are kept out of active operation. This provides for faster

performance and less error.

[0028] Furthermore, in this implementation shown in FIG. 2, current to the output

terminal can be sunk as well as sourced. In particular, transistor 38 sinks current, thus
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providing pull-down capability for the output terminal. Transistor 24 sources current,

thus providing pull-up capability.

[0029] FIG. 3 is a schematic diagram of yet another implementation for a high-

precision buffer circuit 10, according to an embodiment of the present invention. This

implementation includes transistors 40, 42, 44, 46, and 48 which can be implemented

with any suitable transistor devices, such as MOSFETs (NMOS or PMOS) or BJTs. As

depicted, transistors 40, 46, and 48 can be implemented as NMOS transistors, and

transistors 42 and 44 can be implemented as PMOS transistors.

[0030] With this implementation, the input terminal of the high precision buffer

circuit 10 appears at the gate of transistor 42, which is connected at its source to the

source of transistor 16. The output terminal of the circuit is connected to the gate of

transistor 44, which is connected at its source to the source of transistor 18. Transistor

24 follows transistor 40.

[0031] In operation, assuming an initial steady state for the implementation of

precision buffer circuit 10 depicted in FIG 3, an increase or rise in the input signal Vin

at the input terminal (within a given operational range of slew rate (AWAt) causes less

current to flow through transistor 42. The voltage at the source of transistor 16

increases. As such, the gate-source voltage Vgs of transistor 16 decreases.

Accordingly, less current flows through transistor 16. This causes the voltage at the

gate of transistor 40 to increase, and thus, more current flows through transistor 40.

Transistor 24 follows transistor 40. This pulls up the voltage at the output terminal.

Thus, the output signal Vout increases in response to an increase in the input signal Vin.

Transistor 14 sources current for transistor 18, and thus transistor 18 may have a

relatively fixed gate-source voltage Vgs. The increased voltage at the output terminal

causes less current to flow through transistor 44. Thus, the voltage at the sources of

transistors 44 and 18 increases. This causes the gate voltages Vg of transistors 18 and

16to increase. In turn, gate-source voltages Vgs of transistors 16 and 42 increase.

Thus, transistors 16 and 18, and also transistors 42 and 44, are brought into balance

again for steady state.

[0001] Alternatively, again assuming an initial steady state for precision buffer

circuit 10 as implemented in FIG 3, a decrease or drop in the input signal Vin at the
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input terminal (within a given operational range of AV/At) causes more current to flow

through transistor 42. The voltage at the source of transistor 16 decreases. This causes

gate-source voltage Vgs of transistor 16 to increase. Accordingly, more current flows

through transistor 16. This causes the voltage at the gate of transistor 40 to decrease,

and thus, less current flows through transistor 40. Transistor 24 follows transistor 40.

The voltage at the output terminal decreases. Thus, the output signal Vout decreases in

response to a decrease in the input signal Vin. The decreased voltage at the output

terminal causes more current to flow through transistor 44. Thus, the voltage at the

sources of transistors 44 and 18 decreases. This causes the gate voltages Vg of

transistors 18 and 16 to decrease. In turn, gate-source voltages Vgs of transistors 16

and 42 decrease. Thus, transistors 16 and 18, and also transistors 42 and 44, are brought

into balance again for steady state.

[0033] FIG. 4 is a schematic diagram of still yet another implementation for a high-

precision buffer circuit 10, according to an embodiment of the present invention. This

implementation includes transistors 50, 52, 54, 56, 58, and 60, capacitor 62, and

resistors 64 and 66. Transistors 50, 52, 54, 56, 58, and 60 can be implemented with any

suitable transistor devices, such as MOSFETs (NMOS or PMOS) or BJTs. As depicted,

transistors 50, 52, 54, 56, and 58 can be implemented as PMOS transistors, and

transistor 60 can be implemented as NMOS transistor.

[0034] In this embodiment, system 10 has two output terminals for respective

output signals Voutl and Vout2. The output signal Voutl is fed back to transistor 18,

similar to the operation of the embodiment shown and described with reference to FIG

1. Transistors 52 and 54 form a current mirror. As such, the current flowing in

transistor 52 (which is also the current flowing in transistor 16) is mirrored by transistor

54. In this implementation, the connection between the drains of transistors 54 and 60

is the high gain node for the circuit. The voltage at this high gain node drives the gate

of transistors 56 and 58, with their currents flowing into resistors 64 and 66

respectively. The output signals Voutl and Vout2 appear at the drains of transistors 56

and 58.

[0035] The signal at the Voutl terminal is fed back to the input in a manner similar

to that for the embodiment shown and described with reference to FIG 1 . With this

feedback, the current flowing in transistor 56 is adjusted to bring transistors 16 and 18
-9-
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into balance. If transistors 56 and 58 are implemented to match, transistor 58 mimics

the current flowing in transistor 56, including feedback correction of errors. This

provides an error corrected current output at Vout2 terminal without feedback. This can

be useful, for example, in driving a capacitive load from the Vout2 terminal. If a

capacitive load were placed on the Voutl terminal, it would introduce additional delay

in the feedback signal causing potential instability.

[0036] The implementation in FIG. 4 may also be useful as a single output amplifier

(i.e., without transistor 58, resistor 66, and Vout2 terminal).

[0037] Although the present invention and its advantages have been described in

detail, it should be understood that various changes, substitutions, and alterations can be

made therein without departing from the spirit and scope of the invention as defined by

the appended claims. That is, the discussion included in this application is intended to

serve as a basic description. It should be understood that the specific discussion may

not explicitly describe all embodiments possible; many alternatives are implicit. It also

may not fully explain the generic nature of the invention and may not explicitly show

how each feature or element can actually be representative of a broader function or of a

great variety of alternative or equivalent elements. Again, these are implicitly included

in this disclosure. Where the invention is described in device-oriented terminology,

each element of the device implicitly performs a function. Neither the description nor

the terminology is intended to limit the scope of the claims.
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